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(7) ABSTRACT

The invention concerns the use of a polyamine derivative or
a polyamine for inhibiting the active site of glycosidase
enzymes intervening in the transformation of polysaccha-
rides into sugars, in particular into glucose, in a living
organism.
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NOVEL GLYCOSIDASE INHIBITORS AND THEIR
PHARMACOLOGICAL USES, IN PARTICULAR
FOR TREATING DIABETES

[0001] The invention relates to new glycosidase inhibitors
and their pharmacological uses, in particular for treating
diabetes.

[0002] Among the glycosyl hydrolases, some are respon-
sible for the degradation or digestion of sugars. Some of
these enzymes, such as the x-amylases, are very important in
biotechnology (the detergent, derivative and the starch con-
version bio-industries etc.), but also as targets for molecules
of pharmacological interest, for example for the treatment of
diabetes.

[0003] More precisely, the amylases are hydrolytic
enzymes which are widespread in nature; and in particular
they are found in animals, microbes, plants and fungi. These
enzymes are involved in the degradation of sugars into
oligosaccharides, such as starch and glycogen, by hydrolysis
of the a-1,4 interglycosidic bonds (for the c-amylases).
Barley grains contain two main a-amylase isoenzymes,
AMY1 and AMY?2, which are both involved in the degra-
dation of starch to provide energy for the development of the
plant embryo.

[0004] Furthermore, studies have been carried out on the
resolution of 3D structures of isoenzyme 2 (AMY2) from
barley grains (Crystal and molecular structure of barley
a-amylase, Kadziola et al., J Mol. Biol. (1994) 239, 104-
121; Molecular Structure of a barley a-amylase inhibitor
complex: implications for starch binding and catalysis—
Kadziola et al. J. Mol. Biol. (1998) 278, 205-217). The
function of these isoenzymes is to catalyse the conversion of
polysaccharides (starch, various sugars etc.) at various
stages of germination, with a view to the production of
sugars that can be assimilated by the plant for its physi-
ological and energy needs. Research has made it possible to
establish the detailed architecture of these proteins, as well
as the precise topology of the active sites where, the reac-
tions catalysed by these enzymes take place. One of the main
objectives is to better understand the remarkable differences
between the physico-chemical properties of these two isoen-
zymes, despite their very marked sequence homology
(nearly 80% identity).

[0005] Faced with “The irresistable planetary increase of
diabetes” (there will soon be 300 million diabetics, Le
Monde, Apr. 19, 1999), it seems important and urgent to
continue to develop lines of research in this field. Among
these, the characterization, the perfecting of new inhibitors
of therapeutic interest to block the action of glycosidases,
constitutes one of the important approaches to the problem.

[0006] Acarbose type inhibitors (of a polysaccharide
nature) have been tried and tested, in particular in the
treatment of non-insulin dependant diabetes. In future they
will be commercially available in many countries. Like any
medicament, these molecules are not without side effects,
hence the importance of exploring other lines.

[0007] The known role of spermidine (and other similar
polyamines) is its vital activity in cell proliferation, growth
and differentiation. It is well established that polyamines
interact with DNA. Some proteins, such as the insulin
receptor, protein-kinase CK2, the N-methyl-D-asparate
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receptor, have a specific site for the recognition of
polyamine probably having a regulatory function.

[0008] To date, there are only 2 examples of protein
spermidine complexes for which the 3D structures have
been determined and the atomic coordinates filed.

[0009] They are:

[0010] Aminoglycoside 3-N-acetyltransferase from
Serratia marcescens—the structure of which was
resolved by X-ray diffraction (filed in the Protein
DataBank under code 1B04). (Wolf, E.et al., Crystal
Structure of a Gen5-Related N-acetyltransferase:
Serratia marcescens aminoglycoside 3-N-acetyl-
transferase. Cell (1998), (94)4, 439-449);,

[0011] spermidine/putrescine—the  structure  of
which was resolved by X-ray diffraction (filed in the
Protein DataBank under code 1POT and 1POY)
(Sugiyama S et al. The 1,8-A X-ray structure of the
Escherichia coli PotD protein complexed with sper-
midine and the mechanism of polyamine binding.
Protein Sci. (1996), 5(10), 1984-1990; Sugiyama S
et al., Crystal structure of PotD, the primary receptor
of the polyamine transport system in Fscherichia
coli. J. Biol. Chem. (1996), 271(16), 9519-9525).

[0012] One of the aspects of the invention is to propose a
new class of glycosidase inhibitors, and in particular
(x-amylases without the side effects of the current inhibitors,
and which are non-toxic.

[0013] Another aspect of the invention is to propose new
glycosidase inhibitors with a production cost which is lower
than that required for preparing the currently known inhibi-
tors.

[0014] These different aspects are covered by the inven-
tion, which in general relates to the use of a polyamine type
molecule, of a polyamine derivative or of a polyamine to
inhibit the active site of the glycosidases involved in the
conversion of polysaccharides to sugars, in particular to
glucose, in a living organism.

[0015] By “polyamine type molecule”, is designated any
molecule belonging to the chemical super family of
polyamines, which are molecules containing at least two
amine functions.

[0016] By “polyamine derivative”, is designated any mol-
ecule belonging to the chemical super family of polyamines,
but containing chemical modifications and/or grafted chemi-
cal functions not belonging to the chemical super family of
polyamines.

[0017] The invention also relates to the use of a polyamine
type molecule, of a polyamine derivative or of a polyamine
to inhibit in vitro the active site of glycosidases used in the
conversion of polysaccharides to sugars, in particular to
glucose, in a living organism.

[0018] The invention relates to the revealing of a new
class of a-glycosidase inhibitors, of polyamine type, and
therefore of a chemical nature which is radically different
from the inhibitors currently used in pharmacology for the
treatment of diabetes and also useful for the treatment of
other metabolic disorders, such as obesity. Representing this
new class of agents is a natural polyamine, spermidine:
NH,—(CH,),—NH—(CH,),—NH.,,.
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[0019] Unexpectedly it has been found that polyamines
have an inhibitory activity on glycosidases, because of their
affinity vis-a-vis the enzymatic target that the glycosidases,
in particular the a-amylases constitute.

[0020] The existence of a specific interaction between a
spermidine type polyamine and a glycosidase, for example
isoenzyme 1 of barley a-amylase (AMY 1) has in fact been
shown.

[0021] Tt has even been observed, within the scope of the
invention, that in the presence of the two types of inhibitors
(spermidine and acarbose), the polyamine type inhibitor is
recognised in a preferential manner by the enzymatic target,
showing that it has a significantly greater affinity for the
enzyme in comparison to the acarbose type inhibitors (of
polysaccharidic nature) currently on the market.

[0022] Man, animals or plants are all equally designated as
living organisms.

[0023] The inhibitory action mentioned above occurs
equally well in vitro as in vivo, and involves an a-amylase
type enzyme belonging to the a-glycosidase family which is
present and operational in all living organisms.

[0024] That is why the invention relates to the use of a
polyamine derivative or a polyamine for the preparation of
a medicament intended for the diagnosis, the prevention or
the treatment of pathologies involving metabolic disorders
linked to the glycosidases, and more particularly a deregu-
lation of the intestinal absorption of glucose, as in non-
insulin dependant diabetes, obesity, hyperglycaemia, or
hyperlipidemia.

[0025] The use of polyamine type molecules to inhibit o
glycosidases in a competitive manner in comparison to
natural substrates present in the patients to be treated, by
slowing down the absorption of sugars, is a new therapeutic
concept according to the invention.

[0026] According to an advantageous embodiment, the
invention relates to the use of polyamines, which include at
least 2 positive charges, in particular at least 3 amine
functions, and if appropriate at least 1 osidic (or saccharidic)
function, linear or branched, the said positive charges, in
particular the said amine functions being spaced out by
carbon chains the length of which is from approximately 2
carbon atoms to approximately 8 carbon atoms, in particular
from approximately 3 carbon atoms to approximately 5
carbon atoms.

[0027] To clarify matters, the distance between two adja-
cent positive charges, in particular between two amine
functions, is approximately 4 A to approximately 7 A.

[0028] In fact, as far as spermidine is concerned (see FIG.
1), it can be noted that the distance between the positive
charges carried by two adjacent amine functions along the
chain is approximately 5 A for N6-N10 and approximately
6.5 A for N1-N6.

[0029] This assembly advantageously forms a linear or
branched chain of 7 to 19 carbon atoms, and preferably of
9 to 15 carbon atoms.

[0030] The invention also relates to a complex between a
polyamine and a glycosidase enzyme, in particular glycosyl
hydrolase and more particularly c.-amylase, present in all
living organisms and responsible for the reactions of con-
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version and hydrolysis of oligosaccharides and polysaccha-
rides to simpler osidic molecules such as maltose and
glucose, in which the polyamine is fixed at the level of the
active site of the enzyme, in particular by hydrogen bonds
involving the positive charges of the polyamine, correspond-
ing to its amine functions, and the carboxylic functions of
lateral chains of the amino acids of the above-mentioned
enzyme, the number of hydrogen bonds being advanta-
geously at least 4.

[0031] According to an advantageous embodiment, the
invention relates to a crystalline complex between a
polyamine and a glycosidase enzyme.

[0032] By “active site of the enzyme”, is designated the
specific region of the enzyme involved in the fixation of a
glucose type unit belonging to the oligosaccharide or
polysaccharide fixed by the enzyme. For example, a tet-
rasaccharide bound to the enzyme in the active site will
occupy four sub-sites.

[0033] According to an advantageous embodiment, in the
complex of the invention, at least two of the sub-sites of the
active site of the enzyme are involved in the bond with the
above-mentioned polyamine.

[0034] By “sub-site of the active site of the enzyme”, is
designated a partitioning of the active site of the enzyme
corresponding under physiological conditions to the fixation
of a single osidic unit of a polysaccharide.

[0035] According to another embodiment, when in the
complex of the invention, glycosidase enzyme is a.-amylase,
in particular barley a-amylase (AMY 1), the following four
amino acids of the enzyme: Glu (205), Trp (207), Asn (209),
Asp (180) are involved in the bond with the polyamine.

[0036] The complex according to the invention, in par-
ticular between a-amylase and spermidine, can be charac-
terized by at least one of the following interactions and in
particular by all of the following interactions, which are
hydrogen type bonds and which can be defined as indicated
hereafter:

Spermidine atoms: AMYT1 residues or water:  Distance (A)

Number of the nitrogen atom

N1 W207 Nel 37
N1 N209 081 34
N1 Wat 1250 31
N6 E205 Oe2 37
N10 D180 081 27
N10 D180 082 37
N10 Wat 1087 2.8
N10 Wat 1102 2.9
N10 Wat 1259 2.8
[0037] In the AMY 1 residue or water column, the

position of the amino acid (1 letter code) in the
enzyme, as well as the position of the nitrogen or
oxygen atom in the lateral chain of the amino acid is
indicated.
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[0038]
water molecule, in the enzyme environment, and is

“Wat” is an abreviation corresponding to a

referred to by an arbitrary number (see FIG. 1).

[0039] The complex according to the invention, in par-
ticular between a-amylase and spermidine can be charac-
terized by the following additional interactions:

Additional interactions (second level): Distances (A):

Wat 1250 <=> W207 Nel 3.6
Wat 1250 <=> Wat 1637 3.2
Wat 1087 <=> D180 081 3.8
Wat 1087 <=> D180 082 3.3
Wat 1087 <=> Y52 O 3.7
Wat 1087 <=> H93 Ne2 3.7
Wat 1102 <=> D291 Od1 35
Wat 1102 <=> D291 082 3.8
Wat 1102 <=> H290 Ne2 35
Wat 1102 <=> Wat 1259 2.4
Wat 1259 <=> D180 081 3.2
Wat 1259 <=> D291 081 3.8
Wat 1259 <=> D291 082 2.8
Wat 1259 <=> H290 Ne2 31
Wat 1259 <=> R178 Nn2 3.3

[0040] By second level interaction, is designated for
example those interactions that are weaker than the hydro-
gen bonds, for example Van der Waals interactions as well
as the hydrogen bonds which do not directly participate in
interactions with the polyamine.

OH
0
HO HO
oH
Ry R
\/
N
/
X
0
0~ HO HO
OoH oH
o)
o1 HO
oH
56,7
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[0041] According to another embodiment, in the complex
according to the invention, the polyamine is a chain of
approximately 6 to approximately 20 atoms, in particular
comprising approximately 6 to 15, and advantageously
approximately 6 to 10 nitrogen atoms, advantageously two
primary amine functions, respectively at each of the ends of
the polyamine, at least one of the amine functions being
optionally substituted by a substituent chosen from, linear or
cyclic polysaccharides having, approximately 1 to approxi-
mately 6 osidic units which are advantageously glucose,
maltose, or cyclodextrine, and at least one of the nitrogen
atoms inside the chain being optionally substituted by a
substituent chosen from the linear or cyclic oligosaccha-
rides, with 1 to 6, in particular 1 to 3 osidic units, in
particular glucose, maltose or cyclodextrine.

[0042] Based on this complex and the interactions
between the polyamine ligand and the enzymatic target,
other complexing models can be proposed, for example with
polyamines with a length varying between 6 and 20 atoms,
comprising in total at least three amine functions, one at
each end. One of the terminal amines (or one inside the
chain) can be substituted by a substituent chosen from the
linear or cyclic oligo- or polysaccharides, comprising 1 to
approximately 6 osidic units, and being advantageously
glucose, maltose or cyclodextrine.

[0043] In the complex of the invention, the enzyme is
a-amylase and the polyamine is chosen from spermidine and
its derivatives and corresponds to one of the following
general formulae:

HO

OH
o
OH/ "OH
OH
OH
o
- 0 OH
o} HO
n
OH OH
O'HO < /R1
OH \N
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-continued
OH
OH
@]
HO HO
OH @] OH
O HO
n
OH
O'HO
HO

X =CH,, CO
Ry =H, (CHRy)y——[NH——(CHR3),|r NHR,
R, = (CHRy); [NH——(CHR;),J——NHR,
R3 = H, alkyl, aryl, alkenyl, w-carboxyalkyl
R4 =H, alkyl, acyl
yz=3,4
1=1,2,3
m, n, = 0-8

[0044] or corresponds, in an advantageous manner, to
this general formula:

NH,—(CH,),,—NH—(CI,),—NH—R

[0045] in which m and n are comprised between 2
and 8, and in which the R group is either H, or a
glucose group, or a maltooligosaccharide group, or
an aryl group advantageously comprising 6 carbon
atoms or an alkyl group advantageously comprising
6 carbon atoms,

[0046] or advantageously to the following formulae:
NH,,(CH,),NH(CH,),NH,

NH,(CH,),NH(CH,) ,NH,

NH,(CH,),N(CH,)(CH,),NH,

NH,(CH,),NH CH,CH(CH,)CH,NH,

NH,(CH,) ,NH(CH.,),CH(CH,)NH,,
NH,(CH,),CH(CH,)NH(CH,),NH,

H
BOCHN\/\/ N\/\/\
NHBoc
Boc

BOCHN\/\/ N\/\/\
NH;

H
HZN\/\/ N\/\/ NHBoc
Boc

BocHN\/\/IL\/\/\ /\/\
Il\I NH,

Boc
Bn

I
BocHN\/\/ N\/\/\ /\/\
IT NHCOCF;

H

H
BocHN\/\/N

NHBoc

COH
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N 8 R
~ 1
HN \<
24

NHR;

-continued
Bc|>c CO-H

BocHN\/\/ N\/\/\ NHBoc

N

I

H

BTC
BocHN\/\/ N /\/\
T NHBoc
CO;H Boc

[0047] Bn=benzyl
[0048] Boc=butyloxycarbonyl,

[0049] the length of the alkyl chains between the
nitrogen atoms being able to vary from approxi-
mately 2 to approximately 8 carbons, and in particu-
lar from approximately 3 to approximately 5 car-
bons, the alkyl chains being also able to be
substituted by chemical groups preferably compris-
ing an aminated function or derivative, the alkyl
chains being also able to comprise nitrogen atoms
other than those represented in the formulae above.

[0050] The complex according to the invention can be
characterized by the following crystallographic characteris-
tics:

[0051] crystalline parameters of the elementary lat-
tice:
[0052] a=42.6 A
[0053] b=80.6 A
[0054] c¢=137.0 A

[0055] a=p=y=90.0°
[0056] orthorhombic crystalline system

[0057] space group P2,2,2,



US 2003/0143713 Al

[0058] number of enzyme molecules per crystalline
lattice of the elementary lattice=4

[0059] The invention also relates to new polyamines,
capable of being used in the constitution of the complex
defined above and in particular constituted by a chain of
approximately 6 to approximately 20 atoms, in particular
comprising approximately 6 to approximately 15, and
advantageously from approximately 6 to approximately 10
nitrogen atoms, advantageously two primary amine func-
tions, at each of the ends of the polyamine respectively, at
least one of the amine functions being optionally substituted
by a substituent chosen from the linear or cyclic polysac-
charides having approximately 1 to approximately 6 osidic
units advantageously glucose, maltose or cyclodextrine and
at least one of the nitrogen atoms inside the chain being
optionally substituted by a substituent chosen from the linear
or cyclic oligosaccharides of 1 to 6 units, in particular from
1 to 3 osidic units, in particular glucose, maltose or cyclo-
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[0060] on the condition that the polyamine differs
from the following products:

[0061] spermidine
[0062] spermine
Boc
BocHN N
~N Ir/\/\NHBoc
COH Boc

[0063] Therefore the invention also relates to the new
polyamines defined above, capable of interacting with the
active site of the target enzyme, according to a method of
interaction similar to that observed experimentally in the
crystalline state with spermidine in contact with the enzyme
considered.

[0064] The invention relates in particular to the polyamine

dextrine derivatives of the following general formula:
OH
O
HO HO
ol OH
O
O
OH/ "OH
Ri Ro
N/
N OH
OH
O
O HO HO
oH O OH
O HO
n
OH OH
O'HO < /R1
OH ™~ N
\
Ry
%% o
O
O'HO
H\ - \<
HO NHR,
X = CH,, CO
Ry =H, (CHRg)y——[NH——(CHRy),|; NHR,4
R, = (CHRy)7 [NH—— (CHR3),;——NHR,
R3 = H, alkyl, aryl, alkenyl, w-carboxyalkyl
R4 =H, alkyl, acyl
yz=34
1=1,2,3
m,n,=0-8
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[0065] or corresponding, in an advantageous manner,
to this general formula:

NH,—(CH,),,—NH—(CH,),—NH—R

[0066] in which m and n are comprised between 2
and 8, and in which the R group is either H, or a
glucose group, a maltooligosaccharide group, or an
aryl group advantageously comprising 6 carbon
atoms, or an alkyl group advantageously comprising
6 carbon atoms,or to one of the following formulae:

H
BocNH \/\/ N \/\/\
NHBoc

Boc

BocNH ~NN N\/\/\
NH,
H
HzN\/\/ N\/\/ NHBoc

Boc

BocHN\/\/ N\/\/\ /\/\
IT NH,

Boc

Bn
|

BocHN N\/\/\
~ TN NN NHCOCE,
I

H
BocHN\/\/N

NHBoc

COH

Boc COH

NHBoc

BocHN N\/\/\
\/\/ N
b

[0067] Bn=benzyl
[0068] Boc=butyloxycarbonyl,

[0069] the length of the alkyl chains between the
nitrogen atoms being able to vary from approxi-
mately 2 to approximately 8 carbon atoms, in par-
ticular from approximately 3 to approximately 5
carbon atoms, the alkyl chains being also able to be
substituted by chemical groups preferably compris-
ing an amine function or derivative, the alkyl chains
being also able to comprise nitrogen atoms other
than those represented in the formulae above.

[0070] The polyamines of the invention, one of the ami-
nated functions of which is substituted by one or more osidic
units, and designated by glycoconjugates can be synthesized
by standard methods in glycochemistry (oxidation, reductive
amination, peptide coupling etc.).

[0071]

[0072] when X=CH,, the grafting is carried out by
reductive amination catalysed by sodium cyanoboro-
hydride between the appropriately protected
polyamines and oligosaccharides having an aldehyde
function in position 1 or 6 and,

In the glycoconjugate formula of the invention,

[0073] when X=CO, the grafting is carried out by
peptide coupling between the appropriately pro-
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tected polyamines and oligosaccharides having an
acid function in position 1 or 6.

[0074] Synthesis of these polyamine derivatives allows
very specific inhibitors to be created, targeted on a particular
enzyme, in this case those of the glycosidase family
involved in the reactions leading to the degradation of sugars
to simpler molecules, and ultimately glucose.

DESCRIPTION OF FIGURES

[0075] FIG. 1 represents on one hand, the numbering of
the atoms of the spermidine molecule, and on the other hand
the diagram of interactions between the AMY 1 residues and
the spermidine molecule in the AMY 1/spermidine complex
according to the invention.

[0076] FIG. 2 represents the electronic density function
(determined at a resolution of 2.44 A) of the crystal of the
AMY 1/spermidine complex in the region of the active site.
The extended volume of electronic density corresponds to
the fixation of a spermidine molecule (NH,—(CH,),—
NH—(CH,),—NH,), in the active region of the enzyme.

[0077] FIG. 3 represents the interactions of the spermi-
dine molecule with the active site of a-amylase. The affinity
of the polyamine for the enzyme is largely due to the
interactions by hydrogen bonds with the three nitrogen
atoms.

[0078] FIG. 4 represents the superimposition of the
experimental complex: AMY1/spermidine (light <<rod>>
model) and the model generated by the modelling calcula-
tions and molecular dynamics for the a-amylase of pig
pancreas/spermidine (dark <<rod>> model). To simplify the
diagram, the water molecules are not represented. Only the
residues interacting with spermidine are represented. The
nitrogens of the spermidine (linear molecule in the centre)
are shown by spheres (N1, N6 and N10). The residues
numbered in italics belong to AMY1.

[0079] FIG. 5 represents the superimposition of the
experimental complex: AMY1/spermidine (light <<rod>>
model) and the model generated by the modelling calcula-
tions and molecular dynamics for human salivary a-amy-
lase/spermidine (dark <<rod>> model). To simplify the
diagram, the water molecules are not represented. Only the
residues interacting with spermidine are represented. The
nitrogens of the spermidine (linear molecule in the centre)
are shown by spheres (N1, N6 and N10). The residues
numbered in italics belong to AMY1.

[0080] FIG. 6 represents the superimposition of the
experimental complex: AMY1/spermidine (light <<rod>>
model) and the model generated-by modelling calculations
and molecular dynamics for human pancreas c-amylase/
spermidine (dark <<rod>> model). To simplify the diagram,
the water molecules are not represented. Only the residues
interacting with spermidine are represented. The nitrogens
of the spermidine (linear molecule in the centre) are shown
by spheres (N1, N6 and N10). The residues numbered in
italics belong to AMY1.

[0081] FIG. 7 represents the superimposition of 3 rings of
the pseudo-tetrasaccharide acarbose inhibitor (represented
by the dark <<rod>> model) and a spermidine molecule
(light <<sphere and rods>> model) in their respective con-
figuration within the active site of a barley a-amylase.
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[0082] FIG. 8 represents a two-dimensional formula of
the 3 rings mentioned above corresponding to an acarbose
molecule after cleaving the a-1,4-interglycosidic bond lead-
ing to the loss of the glucose unit at the reducing end.

EXAMPLES

[0083] Complexes of Spermidine or Spermidine Deriva-
tives and a-amylase: Preparation of the Complexes and
Study by Crystallography Using X-Rays

[0084] Crystallisation Conditions:

[0085] The 9 C-terminal residues of recombinant isoen-
zyme 1 of barley ai-amylase (AMY 1) were cleaved in order
to obtain a C-terminal end of the same length as that of
isoenzyme 2 (AMY?2). The protein was then over-expressed
in Pischia pastoris, purified and concentrated.

[0086] The protein preparation used for crystallisation has
a concentration of 5.1 mg/ml and is in a solution of 10 mM
MES (2{N]-Morpholino ethane sulphonic acid), 100 mM
CaCl,, 0.02% NaN,, pH 6.7.

[0087] The crystals were obtained by cocrystallisation
thanks to the vapour diffusion principle using the hanging
droplet technique. To do this, 2.5 ul of polyethylene glycol
8000 at 21% as a precipitating agent and 0.5 ul of a 0.1M
solution of spermidine as a crystallisation additive were
added to 2 ul of the protein solution described previously.
This droplet was equilibrated at 19° C. against a reservoir
containing 500 ul of polyethylene glycol 8000 at 21%.

[0088] The crystals were then immersed for 20 hours in a
polyethylene glycol 8000 solution at 21% containing 10 mM
of acarbose (a pseudo-tetrasaccharide).

[0089] Collection of the Diffraction Data:

[0090] Collection of the diffraction data was carried out
using an X-ray generator (CuK, radiation—wavelength
1.5418 A) with a rotating anode (Nonius 581) operating at
40 kV and 90 mA (i.e. 3.6 kW) with a graphite monochro-
mator coupled to a two-dimensional detector of Image Plate
type (MarResearch 345) of 34.5 cm in diameter.

[0091] A set of 180 diffraction exposures (each corre-
sponding to 1° of oscillation of the crystal) was collected at
15° C., the crystal being capillary mounted and positioned at
120 mm from the detector, with an exposure time of the
crystal to the X-rays of 500s per exposure. The highest
resolution of this set of data is 2.44 A.

[0092] Characterization of the Crystal:

[0093] The integration of this data set by the DENZO
software included in the marHKL package (Otwinowski,
1993 and Minor, 1993) allowed us to determine the basic.
crystallographic  characteristics:  crystalline parameters
(a=42.6 A, b=80.6 A, c=137.0 A, a=p=y=90.0°), crystalline
system (orthorhombic). We then determined the space group
as being a P2,2,2,. The asymmetrical unit is composed of a
molecule of the AMY1/spermidine complex, which corre-
sponds to a volume of solvent in the lattice of 53%.

[0094] Determination of the 3D Structure of the AMY1/
Spermidine Complex:

[0095] Subsequent processing of the data was carried out
using the CCP4 suite of programs (CCP4, 1994). In this way,
Scala software allowed us to show that 161737 reflections
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were recorded, corresponding to 17066 unique reflections
with an overall R, of 13.6% and a completeness of 90.8%.

[0096] The molecular replacement method was used
thanks to the AmoRe software (Navaza, 1994) using the
structure of isoenzyme 2 of barley c-amylase (AMY2-
accession code PDB: 1AMY) (Kadziola et al., 1994 and
Kadziola et al., 1998) as a guide model because of the
significant sequence homology (80%) between this initial
model and our protein of interest (AMY1). Refinement
phases using molecular dynamic techniques (simulated
annealing—Briinger et al., 1990) were carried out with CNS
software version 0.9a (Briinger et al., 1998) alternating with
model manipulations. The latter, comprising the insertion of
the above-mentioned molecules (water, calcium, spermidine
and acarviosine) and the manual refinement of the positions
of the lateral chains in the electronic density were carried out
with the TURBO-FRODO software (Roussel & Cambillau,
1991). In order to do this, 2F_-F_ and F_-F_ electronic
density maps were calculated.

[0097] Inthis way the refined final structure of the AMY1/
spermidine complex was obtained containing 3118 non-
hydrogen atoms belonging to the protein itself (i.e. 405
amino acids) and 153 water molecules, 3 calcium atoms, an
acarviosine molecule (product of the degradation of the
pseudo-tetrasaccharide acarbose) and a spermidine mol-
ecule.

[0098] The structure considered is characterized by an R
factor of 17.2% and an Ry, factor of 20.3% (the latter being
based on 10% randomly selected diffraction data Briinger,
1992). The additional statistics concerning this structure are
given in the table below.

[0099] The stereochemistry of the final model was exam-
ined with PROCHECK software (Laskowski et al., 1993)
and 85.6% of the residues (non glycine or proline) are
located in the most favourable regions. Finally, no residue
was located in the non-authorised regions.

Statistics and collection of data and refinement

for the AMY1/spermidine complex:

Resolution (A) 2.44
Completeness of data (%) 90.8
Completeness of the data in the highest resolution shell (%) 90.8
Highest resolution shell (A) 2.44-2.50
Total number of reflections 161737
Number of unique reflections 17066
Overall Ryyy, factor (%) (*) 13.6
Redundancy 4.1
AmoRe correlation coeficient (%) 70.4
AmoRe R factor (%) 35.0
Average R factor (%) (**) 172
Average Ry, factor (%) 20.3
Total number of atoms (non hydrogen) 3305
Number of water molecules 153
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[0101] Significance of the Glycopolyamine Type Mol-
ecules:

[0102] One of the major proposals resulting from analysis
of the AMY1/spermidine complex, is to take advantage of
the existence of aromatic amino acids in the active site of the
glycosidases to devise polyamines with glucose unit grafts,
in order to increase the inhibition power of the derived
molecule. In fact it has been established that the hydropho-
bic interactions between the sugar rings and the nuclei of the
aromatic amino acids are an essential element in protein/
carbohydrate recognition.

[0103] That is why glycopolyarmine type molecules were
studied, which integrate the possibility of varied interactions
with the glycosidases, on one hand due to the positive
charges (NH groups) of the polyamine skeleton, and on the
other hand also due to the interactions between the grafted
sugars and the aromatic lateral chains of the active site. For
example, the following molecules, which are spermidine—
maltooligosaccharide conjugates, the synthesis protocols of
which are given below, represent good candidates for a-gly-
cosidase inhibitors:

OH
H
H
HO -0 OH
HO
H oH H
H o -0 OH
HO H
H oH H
H e} -OH o
HO
H oOH
H HN
C35HesN3O029

Exact Mass: 847.42 HN
Mol. wt.: 847.90
C49.58; H7.73; N 4.96, 0 37.74

NH,
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-continued
OH
H
H
HO -0 OH
HO —Q H
H od H
H o/$/ -OH _O
HO
H oH
H HN

CooHssN3O;s
Exact Mass: 685.36
Mol. wt.: 685.76
C 50.79; H 8.08; N 6.13; O 35.00

NH,

[0104] Syntheses of the Spermidine-Maltooligosaccharide
Conjugates:

[0105] 1—Synthesis of the Protected Spermidine Deriva-
tives

[0106] Diprotected N*N® spermidine 3 is obtained in
three stages from monoprotected putrescine 1. The first stage
is a Michael-type addition of the putrescine onto acryloni-
trile thus generating the corresponding nitrile. The second-
ary amine function of derivative 2 is then protected by a
tert-butyloxycarbonyl group. Finally, the hydrogenation of
the nitrile group in the presence of Raney Nickel in a
solution of ethanolic ammonia leads to diprotected spermi-
dine 3 (Humora et al., 1979).

40%

NH,
BocEN” N NS e X

1
BocHN\/\/\ CN
g/\/

2

(Boc)20
_—
CHyCly
100%

Hjy/Ni Raney
EtOH/NH;

BocHN\/\/\ CN
N 90%

Boc
BocHN\/\/\ /\/\
N NH,
Boc
3

[0107] Diprotected N',N* spermidine 4 is obtained in
three stages from putrescine. The first stage is alkylation by
4-chloro-butan-1-0l, followed by protection of the two
amine functions with tert-butyloxycarbonyl groups. After
conversion to mesylate, introduction of an N and reduction,
the expected compound is obtained (Levchine et al., 1994).
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HzN/\/\ NH,

NN NayCOs, Kl
OH  1.BuOH
NN /\/\/OH (Boc),0
HN N CH,Cl,
H 100%

NN /\/\/OH MsCl, NEts
—_—
BocHN N

Boc

1) NaN;
B —
2) Hy/Pd

NN NN OMs
BocHN N

Boc

NN NN NH,
BocHN N

Boc
4

[0108] Finally, diprotected N*,N®-spermidine 5 is
obtained directly from spermidine by treatment with tert-

butyloxycarbonyloxyimino-2-phenylacetonitrile  (Boc-on)
for 1 hour at 0° C. (Hesse et al., 1996).
NH. Boc-on
HZN/\/\E/\/\/ ?
NHBoc
BocHN/\/\g/\/\/

5

[0109] 2—Oxidation of Oligosaccharides

[0110] Oligosaccharide 6 (35 mmol) is placed in solution
in a water-methanol mixture (36 mL, [1:3]), then an iodine
solution (17 g) in methanol (240 mL) is added and the
reaction medium is heated at 40° C. A solution of potash (16

OH

HO go
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g) in methanol (400 mL) is then added and the reaction
mixture stirred vigorously at 40° C. for 35 minutes. At the
end of this period, the disappearance of colouring and the
appearance of a white-yellow precipitate are observed. The
reaction mixture is then cooled down in an ice bath and the
suspension is filtered with a biichner, then rinsed with cold
methanol then with ethyl ether. The solid collected is taken
up in a minimum amount of water then precipitated again by
adding methanol. The solid is then dried, taken up in water,
then lyophilisation is carried out in order to produce the
oxidized oligosaccharide in the form of potassium salt 7
(Kobayashi et al., 1985).

[0111] The acid salt in a water solution (60 mL) is treated
with Amberlite resin IRN 77 H* (15 g) for 30 minutes. The
resin is then filtered and the filtrate concentrated in vacuo
and coevaporated several times with methanol and ethanol
successively in order to produce a solid residue which is
taken up in water then lyophilisation is carried out in order
to produce the corresponding lactone 8.

[0112] 3—Coupling of Lactones 8 with the Protected
Spermidine Derivative 3

[0113] A suspension of lactone 8 (2.1 mmol) and spermi-
dine derivative 3 (1.5 mmol) in methanol (50 mL) is taken
to reflux for 2 hours. The reaction mixture is then cooled
down to ambient temperature, then silica gel is added
(Geduran IF 60; 0.04-0.063 mesh) and concentration in
vacuo is carried out. The resulting solid is then placed at the
top of a Flash type chromatography column and the appli-
cation of a chloroformn-methanol gradient (100% chloro-
fonn at [3:2]) makes it possible to isolate the protected
spermidine conjugate 9, which after concentration is taken
up in water then lyophilised.

[0114] 4—Deprotection of the Spermidine Conjugate 9

[0115] The spermidine conjugate 8 (2 mmol) is treated
with trifluoroacetic acid in water (30 mL, [9:1]) for 30
minutes at ambient temperature. The reaction mixture is then
concentrated in vacuo and the solid is taken up in water and
washed 3 times with ethyl acetate. The aqueous phase is then
lyophilised in order to produce the spermidine conjugate 10.

OH

OH

O™ | HO
OH O
OH HO
n=0,1

OH OK
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OH OH
o) 0
HOT0 HOHO
OH
07| HO " 0TTo
3
9 R = OCOC(CH3),
10R=H
NHR
NHR
[0116] Recognition of Spermidine/o.-Amylases of Various
Origins by Molecular Modelling and Biocomputing Meth-
ods
. . Name Catalytic residues
[0117] Having 3D structures of other a-amylases of vari- -
ous origins and sets of corresponding atomic coordinates Barley amylase isoenzyme 180 205 21
ilable. it decided t tend th Iysis, i ticul 1/spermidine
available, it was decided to extend the analysis, in particular Human pancreas amylase 197 233 300
to 51m11a.r enzymes frorp mammals (man, pigs), in view of Human salivary amylase 197 733 300
the considerable potential therapeutic and pharmacological Pig pancreas amylase/acarbose 197 233 300
implications. Nucleophile Acid/base Acid/base

[0118] 1) Studied a-amylase Proteins:

[0119] With the aim of exploring the potential inhibition
properties of spermidine towards other members of the
a-amylase family, simulation studies of the interaction
between spermidine and a-amylases of various origins were
carried out by computer assisted molecular modelling meth-
ods. 3 crystalline structures of known ca-amylases were
therefore used for this study, and determined at high reso-
lution by the X-ray diffraction crystallography. They are:

[0120] a-amylase from pig pancreas, resolved at 2.2
Aand complexed with acarbose, structure filed in the
Protein Data Bank under the accession code 1PPI
(Qian et al., 1994),

[0121] human salivary c-amylase, resolved at 1.6
A—structure filed in the Protein Data Bank under the
accession code 1SMD (Ramasubbu et al., 1996),

[0122] human pancreatic u-amylase, resolved at 1.8
A—structure filed in the Protein Data Bank under the
accession code 1THNY (Brayer et al., 1995).

[0123] 2) Materials and Methods:

[0124] With the aim of carrying out these studies of
interaction between the above-mentioned spermidine and
a-amylases by molecular modelling methods, the 3 struc-
tures where firstly superimposed over that of the AMY1/
spermidine complex. This superimposing was carried out by
superimposing the a carbons of the 3 catalytic residues of
each of these structures, in such a way as to match up at best
with the active sites of these 4 structures.

[0125] In the active site of each of the a-amylases con-
sidered, the spermidine molecule was modelled in its origi-
nal configuration retaining the interactions observed for the
AMY1/spermidine complex. All manipulations of the struc-
tures (superimposing and insertion of spermidine in the
active site) were carried out with the TURBO-FRODO
software (Roussel et al., 1991).

[0126] Finally, for each of the three structures in which
spermidine was inserted, a series energy minimization
cycles was carried out.

[0127] This energy minimization based on the Powell
method was carried out using CNS software version 1.0
(Briinger et al., 1998).

[0128] The aim of this stage is the minimization of the
energy of the system, firstly, by displacing the atoms which
could establish bad contacts between themselves (in par-
ticular the water molecules which were not displaced during
the insertion of spermidine in the active site), but also to
position the atoms in such a way as to maximise the
interactions by hydrogen bond between them and therefore
move towards the most energetically stable structure model.

[0129] Finally, examination of the structure models
obtained was carried out with the TURBO-FRODO soft-
ware.
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[0130] 3) Results:

[0131] The models calculated from potential complexes of
the above-mentioned 3 a-amylases show that:

[0132] firstly, none of the models display bad con-
tacts after fixation of a spermidine molecule in their
respective active sites. In fact each amino acid, each
water molecule, but also the inserted spermidine are
best accommodated within an active site in the
process of energy minimisation.

[0133] secondly moreover, the formation of numer-
ous hydrogen bonds making it possible to bind and
stabilise the spermidine in the active site of the three
a-amylases studied can be noted in the models. The
direct interactions for these three models are sum-
marized in the tables below (the numbering of the
spermidine atoms is the same as in the diagram given
above). It is important to note that only first level
interactions are given here. Each water molecule
mentioned has at least two hydrogen bonds stabilis-
ing it. No water molecule mentioned is isolated (see
FIGS. 4, 5 and 6).

Table of interactions between spermidine and pig pancreas o-amylase

Spermidine atoms Residues or water Distance (A)
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Table of interactions between spermidine
and human pancreatic a-amylase

Spermidine atoms Residues or water Distance (A)

N6 Glu 233 O€2 3.7
N6 Wat 738 2.4
N10 Asp 197 081 2.9
N10 Asp 197 062 3.6
N10 Glu 233 Oel 31
N10 Wat 509 2.4
N10 Wat 594 3.8
N10 Wat 730 2.8
N10 Wat 738 2.9

[0136] 4) Discussion and Conclusion:

[0137] None of the three amylase-spermidine complex
models display bad contacts between the spermidine mol-
ecule and the respective enzymes. Therefore, in the active
region of the enzyme and during the energy minimisation
process, each amino acid residue, each water molecule but
also the inserted spermidine is positioned respecting optimal
stereochemistry to ensure adequate inhibition of the system.
The number of direct hydrogen bonds between the spermi-
dine and a residue or a water molecule is given in the
following table for the experimental AMY1/spermidine

N1 Lys 200 NG 34 complex and for the 3 calculated models: pig pancreas
N1 Tyr 151 OH 37 a-amylase/spermidine, human salivary a-amylase/spermi-
N6 Glu 233 Oe2 35 : : ‘g
N6 Wat 610 33 dine and human pancreatic a-amylase/spermidine.
N10 Asp 197 081 2.8
N10 Asp 197 082 36

Direct hydrogen bonds with a residue  a water molecule

[0134] AMY1/spermidine

Table of the interactions between spermidine
and human salivary a-amylase

Spermidine atoms Residues or water Distance (A)

N1 Lys 200 NT 2.8
N1 Wat 667 3.8
N6 Wat 646 2.5
N6 Wat 586 3.7
N10 Asp 197 081 3.6
N10 Asp 197 062 3.7
N10 Glu 233 Oel 3.8
N10 Wat 563 2.4
N10 Wat 578 2.3
N10 Wat 586 3.7
N10 Wat 604 2.7
[0135]

Table of interactions between spermidine
and human pancreatic a-amylase

Spermidine atoms Residues or water Distance (A)

N1 Lys 200 NT 35
N1 Wat 827 2.7

pig pancreas o-amylase/spermidine
human salivary a-amylase/spermidine
human pancreas o-amylase/spermidine

(SRR
[ RSN

[0138] 1t can thus be noted that spermidine is capable,
according to these models, of creating 4 or 5 direct hydrogen
bonds with a residue of the studied a-amylases and of
creating 1, 6 or 7 hydrogen bonds with water molecules
present in the active site, themselves stabilised by other
hydrogen bonds.

[0139] According to this study, it can be seen for example
that the pig pancreas a-amylase/spermidine complex is
stabilised by a total of 6 H bonds compared with 11 for
human salivary a-amylase/spermidine and human pancreas
a-amylase/spermidine models or 9 for the experimental
AMY1/spermidine structure.

[0140] In this way, these models show the perfect suit-
ability between the spermidine and the active sites of several
a-amylases. It is also important that the two most favourable
models in terms of active site/spermidine interaction by
hydrogen bonds are those of human saliva and pancreas
a-amylases. These observations confirm the fact that sper-
midine or its polyamine derivatives are the molecules of
choice for the creation of inhibitors with a human therapeu-
tic use against diabetes and other metabolic disorders such
as obesity.
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[0141] Comparative Inhibition Methods for Spermidine
Molecules and Acarbose (GLUCOR®)

[0142] Acarbose, a pseudo-tetrasaccharide (a commer-
cially available anti-diabetes medicament (GLUCOR® by
Bayer)), binds to amylases to block the active site, as shown
with different amylases of various origins, and in particular
pig enzyme. FIG. 8 shows an acarbose molecule truncated
at the reducing end.(to the right of the figure), after cleavage
of the terminal glucose unit.

[0143] Similarly, the structure of the isoenzyme 2 of
barley a-amylase and acarbose complex was resolved on the
atomic scale in our laboratory (Kadziola et al., 1998). In
addition, the structure of the isoenzyme 1 of barley a-amy-
lase and acarbose complex was very recently resolved at a
resolution of 2.1 A by X-ray diffraction crystallography.

[0144] The superimposition of the 3D structures of the
isoenzyme 2 of barley a-amylase/acarbose complex and the
isoenzyme 1 barley a-amylase/spermidine complex at the
level of the active site has made it possible to show the
remarkable superimposition of 3 rings of the pseudo-tet-
rasaccharide acarbose inhibitor and spermidine (see FIG. 7).
This result was confirmed by determination of the isoen-
zyme 1 complex of barley a-amylase/acarbose. This high
structural analogy between these inhibitory molecules is also
observed in their complexes with mammalian homologous
enzymes.

[0145] The analogy observed above between the three-
dimensional distances of spermidine and acarbose on con-
tact with the same enzyme is quite remarkable. In fact, this
structural mimicry is ensured by molecules which are radi-
cally different in terms of nature, chemical composition and
general properties. They both exert an inhibitory action on
a-amylases, and very probably other glycosidases, consid-
ering the similarities of the active sites of these different
hydrolases. These results also reinforce the possibility of
devising polyamine derivatives, such as the glyco-
polyamines proposed above, for the perfection of therapeu-
tic and pharmacological agents which are effective in the
treatment of metabolic disorders linked to the absorption of
sugars and/or to disturbances in its regulation (diabetes,
obesity, hyperglycemia etc.).
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1. Use of a polyamine derivative or of a polyamine to
inhibit the active site of glycosidase enzymes involved in the
conversion of polysaccharides to sugars, in particular to
glucose, in a living organism.

2. Use of a polyamine derivative or of a polyamine for the
preparation of a medicament intended for the diagnosis, the
prevention or the treatment of pathologies involving meta-
bolic disorders linked to glycosidases, and more particularly
a deregulation of the intestinal absorption of glucose, such
as non-insulin dependant diabetes, obesity, hyperglycemia,
or hyperlipidemia.

3. Use according to claims 1 to 2 of polyamines, com-
prising at least 2 positive charges, in particular at least 3
amine functions, and if appropriate at least 1 osidic (or
saccharidic) function, linear or branched, the said positive
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charges, in particular the said amine functions, being spaced
out by carbon chains the length of which is approximately 2
carbon atoms to approximately 8 carbon atoms, in particular
approximately 3 carbon atoms to approximately 5 carbon
atoms.

4. Complex between a polyamine and a glycosidase
enzyme, in particular glycosyl hydrolase and more particu-
larly a-amylase, present in all living organisms and respon-
sible for conversion and hydrolysis reactions of oligosac-
charides and polysaccharides to simpler osidic molecules
such as maltose and glucose, in which the polyamine is fixed
at the level of the active site of the enzyme, in particular by
hydrogen bonds using the positive charges of the polyamine,
corresponding to its amine functions, and the carboxylic
functions of lateral chains of amino acids of the above
mentioned enzyme, the number of hydrogen bonds being
advantageously at least 4.

5. Complex according to claim 4, in which at least two of
the sub-sites of the active site of the enzyme are involved in
the bond with the above mentioned polyamine.

6. Complex according to any one of claims 4 or 5, in
which the enzyme is a-amylase, in particular barley a.-amy-
lase (AMY 1) and the following four amino acids of the
enzyme: Glu (205), Trp (207), Asn (209), Asp (180) are
involved in the bond with the polyamine.

7. Complex according to one of claims 4 to 6, in particular
between a-amylase and spermidine comprising at least one
of the following interactions, and in particular all of the
following interactions, which are hydrogen type bonds and
which can be defined as indicated hereafter:

Spermidine atoms: AMYT1 residues or water:  Distance (A)

Number of the nitrogen atom

N1
N1

W207 Nel
N209 081

3.7
3.4
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-continued

Spermidine atoms: AMYT1 residues or water:  Distance (A)

N1 Wat 1250 31
N6 E205 Oe2 3.7
N10 D180 081 2.7
N10 D180 082 3.7
N10 Wat 1087 2.8
N10 Wat 1102 2.9
N10 Wat 1259 2.8

8. Complex according to one of claims 4 to 6, in which the
polyamine is a chain of approximately 6 to approximately 20
atoms, in particular comprising approximately 6 to 15, and
advantageously approximately 6 to 10 nitrogen atoms,
advantageously two primary amine functions, at each of the
ends of the polyamine respectively, at least one of the amine
functions being optionally substituted by a substituent cho-
sen from the linear or cyclic polysaccharides having,
approximately 1 to approximately 6 osidic units which are
advantageously glucose, maltose, or cyclodextrine, and at
least one of the nitrogen atoms inside the chain being
optionally substituted by a substituent chosen from the
oligosaccharides, linear or cyclic, with 1 to 6, in particular
1 to 3 osidic units, in particular glucose, maltose or cyclo-
dextrine.

9. Complex according to one of claims 4 to 8, according
to which

the enzyme is a-amylase and

the polyamine is chosen from spermidine and its deriva-
tives, said polyamine corresponding to one of the
following general formulae:

HO HO o
0
OH /, OH
R R
\/
/N OH
X OH
0 0
0~ HO HO HO
OH 19 OH
OH OH
07" HO
o OH 5 OH
o1 Ho HO X /R1
OH OH \N
\
56,7 R,
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-continued
OH
OH
¢}
HO HO
- ¢} OH
¢} HO
n
OH
O'HO

X = CH,, CO
Ry =H, (CHRy)y——[NH——(CHR3),|r NHR,
R, = (CHRy); [NH——(CHR;),J——NHR,

R3 = H, alkyl, aryl, alkenyl, w-carboxyalkyl
R4 =H, alkyl, acyl

yz=3,4

1=1,2,3

m, n, =0-8

or corresponding, in an advantageous manner, to this
general formula:

NH,—(CH,),,—NH—(CI,),—NH—R

in which m and n are comprised between 2 and §, and in
which the R group is either H, or a glucose group, or a
maltooligosaecharide group, or an aryl group advanta-
geously comprising 6 carbon atoms, or an alkyl group
advantageously comprising 6 carbon atoms,

or advantageously to the following formulae:
NH,(CH,);NH(CH,);NH,,
NH,(CH,),NH(CH,) ,NH,,
NH,(CH,),N(CH5)(CH,);NH,
NH,(CH,),NH CH,CH(CH,)CH,NH,
NH,(CH,),NH (CH,),CH(CH,;)NH,

NH,(CH,),CH(CH,)NH(CEL,),NH,

H
BocHN\/\/ N\/\/\
NHBoc

Boc

BocHN\/\/ N\/\/\
NH,

H
HzN\/\/ N\/\/ NHBoc
Boc

BOCHN\/\/N\/\/\ NN
N NH,

Boc
Bn

I
BocHN\/\/ Nv\/\ /\/\
IT NHCOCF;

H
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-continued
H
BocHN\/\/ N
NHBoc
COH
Boc CO,H
BocHN\/\/ N\/\/\ NHBoc
N
I
H
BTC
BocHN\/\/ N /\/\
T NHBoc
CO,H Boc

Bn=benzyl

Boc=butyloxycarbonyl,

the length of the alkyl chains between the nitrogen atoms
being able to vary from approximately 2 to approxi-
mately 8 carbons, and in particular from approximately
3 to approximately 5 carbons, the alkyl chains being
also able to be substituted by chemical groups prefer-
ably comprising an aminated function or derivative, the
alkyl chains being also able to comprise nitrogen atoms
other than those represented in the formulae above.

10. Complex according to one of claims 4 to 9, having the

following crystallographic characteristics:

crystalline parameters of the elementary lattice:
a=42.6 A
b=80.6 A
c=137.0 A
a=p=y=90.0°

orthorhombic crystalline system

space group P2,2,2 |

number of enzyme molecules by crystalline lattice of the
elementary lattice=4
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11. Polyamine capable of being used in the constitution of
the complex according to any one of claims 4 to 9, and in
particular constituted by a chain of approximately 6 to
approximately 20 atoms, in particular comprising approxi-
mately 6 to approximately 15, and advantageously approxi-
mately 6 to approximately 10 nitrogen atoms, advanta-
geously two primary amine functions, at each of the ends of
the polyamine respectively, at least one of the amine func-
tions being optionally substituted by a substituent chosen
from the linear or cyclic polysaccharides with approximately
1 to approximately 6 osidic units advantageously glucose,
maltose, or cyclodextrine and at least one of the nitrogen
atoms inside the chain being optionally substituted by a
substituent chosen from the linear or cyclic oligosaccharides
with 1 to 6 units, in particular 1 to 3 osidic units, in particular

O'HO

OH
O
HO HO
OH o
Ri Ro
N/
N
/
X
O
O HO HO
OH OH
O
o1 HO
OH
567
OH
OH
O
HO HO
OH R
O HO
n
OH
X = CH,, CO
Ry =H, (CHRg)y——[NH——(CHRy),|; NHR,4
Ry = (CHR3)5 [NH——(CHR3),Jr NHRy

R3 = H, alkyl, aryl, alkenyl, w-carboxyalkyl
R4 =H, alkyl, acyl

yz=3,4

1=1,2,3

m,n,=0-8
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glucose, maltose or cyclodextrine on condition that the
polyamine is different from the following products:

spermidine
spermine
]|300
BocHN\/\/ N. /\/\
IiT NHBoc
COH Boc

12. Polyamine derivatives according to claim 11, corre-
sponding to one of the following general formulae:

HO

OH
¢}
OH/ "OH
OH
OH
0
- ¢} OH
07  HO
n
OH OH
O'HO < /R1
OH \N
\
Ry
OH
¢}

O
ﬁ\ N/C\<R1
HO H

NHR,
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or corresponding, in an advantageous manner, to this
general formula:

NH,—(CH,),,—NH—(CH,),—NH—R

in which m and n are comprised between 2 and §, and in
which the R group is either H, or a glucose group, or a
maltooligosaccharide group, or an aryl group advanta-
geously comprising 6 carbon atoms, or an alkyl group
advantageously comprising 6 carbon atoms,

or to one of the following formulae:

H
BocHN\/\/ N\/\/\
NHBoc

Boc

BOCHN\/\/ N\/\/\
NH,
H
HZN\/\/ N\/\/ NHBoc

Boc

BOCHN\/\/N\/\/\ AN
Il\I NH,

Boc
Bn

I
BocHN\/\/ N\/\/\ /\/\
IT NHCOCF;

H
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-continued
H
BocHN\/\/ N
NHBoc
COH
Bc|>c CO-H
BocHN\/\/ N\/\/\ NHBoc
N
I
H
BTC
BocHN\/\/ N /\/\
T NHBoc
CO;H Boc

Bn=benzyl
Boc=butyloxycarbonyl,

the length of the alkyl chains between the nitrogen atoms
being able to vary from approximately 3 to approxi-
mately 5 carbon atoms, the alkyl chains being also able
to be substituted by chemical groups preferably com-
prising an aminated function or derivative, the alkyl
chains being also able to comprise nitrogen atoms other
than those represented in the formulae above.



